Abstract. A general theory of phase transitions (PT) in the material point of simple inelastic materials with arbitrary constitutive equations is developed. The standard thermodynamical approach can be applied only after averaging of thermodynamical parameters, related to PT, over a PT duration. A PT criterion for the material point is derived, taking into account the temperature variation and dissipation due to PT, as well as internal variables. Temperature variation in the course of PT is determined with the help of the entropy balance equation under the assumption that the process is adiabatic. Based on results for the material point, new nucleation and interface propagation criteria are derived. A postulate of realizability is applied to determine all unknown parameters in PT criteria. A model problem is solved.
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INTRODUCTION
There are following known descriptions of martensitic PT: jump conditions for a moving interface, a variation of a volume fraction of phases in a multiphase material, a condition of nucleation in a finite volume and so on [I] - [3] . But a description of P T as a thermomechanical deformation process in a material point is lacking. This fact does not allow us to apply the standard methods of derivation of constitutive equations, as e.g. for a material point of elastoplastic materials. Moreover, an account for temperature variation in the course of PT, temperature gradient and internal variables in the above approaches [I] - [3] is nontrivial without a consequent theory for the material point. In the present paper P T is regarded as a thermomechanical inelastic deformation process, accompanied by change of all thermomechanical properties. The following important property is used: a norm (or components) of the transformation deformation gradient is fixed for each of crystallographically equivalent variants of PT and cannot be larger or smaller. All other configurations (crystal structures) with another norm of transformation deformation gradient are unstable and thus impossible.
Based on these statements a general theory of PT in the material point of a simple inelastic body is developed. It is shown that a standard thermodynamical approach cannot be directly applied. It can be applied after averaging of thermodynamical parameters, related to PT, over a P T duration. A P T criterion is derived with account for the temperature variation due to P T and internal variables.
It is shown that the temperature gradient does not contribute to PT criterion.
Nucleation and interface propagation conditions are derived, which generalize the conditions postulated in [3, 41, for nonisothermal processes and media with internal variables. A model problem is solved. Some preliminary results were reported in [5] .
Let a superscript t denote transposition, dots mean contractions of the tensors. All statements are developed with respect to the reference configuration.
THERMODYNAMICS OF MARTENSITIC PHASE TRANSITIONS IN A MATERIAL POINT
Let us consider an uniformly deformed material point in a process of martensitic PT. We shall Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1996106 consider simple materials only, i.e. the material's response in the given point is independent of thermomechanical parameters in other points. We assume a multiplicative decomposition of a total deformation gradient F into elastic F,, thermal Fe, transformational Ft and plastic F, parts [6] ,
1.e.
We introduce the internal dimensionless parameter 6 (0 5 E 5 1) which is related with Ft and has the following properties: P T starts at f = 0 and finishes at = 1 ; when 5 varies between 0 and 1, the transformation deformation gradient grows from 0 till Ftma,. During this process all the thermodynamical properties of the phase 1 vary into the properties of the phase 2 . It is possible to define but a lot of other definitions are acceptable. The internal parameter (' plays a similar role for the consideration of the uniformly deformed material point, as a volume fraction of martensite for the averaged description of PT.
Let us define the specific Helmholtz free energy where g is a set of internal variables. We admit the second law of thermodynamic in the form of the Clausius-Duhem inequality Here 2) is the rate of dissipation per unit volume, P the first Piola-Kirchgoff nonsymmetric stress tensor, p mass density in the reference configuration at E = 0 , s thf: entropy, V 6 the temperature gradient, h the heat flux. Substituting the rate of free energy ll, and taking into account the aF aF multiplicative decomposition Eq. 
and
are dissipative forces conjugated with dissipative rates F, , j, h and ( respectively. The simplest assumption that each rate depends on the conjugate force only leads to evolution equations Eq. (11)l is the flow rule, Eq. (11)2 is the evolution equation for the internal variables, Eq. (11)3 is the generalized Fourier law and Eq. (11)4 is the kinetic equation for PT. We consider the last equation for the description of P T only. The account for mutual influence of all thermomechanical processes can be made in a standard way. We assume that the condition f = 0 is valid at Xt = 0 only. Then it is possible to describe the equilibrium P T (i -+ 0) with the equation Xt = 0 . This is one scalar equation, and for each and 6 (6) it is always possible to choose six components of the stress tensor P (6, 6(f)) to satisfy Xt = 0 . If the actual stress variation follows this dependence, then the phase equilibrium is possible for arbitrary [ . But from the experiments it follows that the phase equilibrium is impossible at 0 < f < 1 , only at f = 0 and f = 1 we have the stable equilibrium (see Introduction). At 0 < f < 1 a nonequilibrium process proceeds which requires energy and stress fluctuations.
This situation seems new to us for continuum thermodynamics. In this case the standard thermodynamical approach cannot be applied. It is necessary to average the thermodynamical parameters, related with PT, over the duration of P T in order to filter off these fluctuations. We introduce the averaged dissipation rate as a dissipation work during PT divided on the duration t, of P T are the averaged dissipative force and rate. The definition of dissipative rate is logical, because a variation of the parameter f during the time t, is equal one. The dissipative force is defined as a conjugate variable in the expression for the rate of dissipation. For the macroscopically equilibrium process (PT) the following equation is valid
The indices 1 and 2 denote the values before and after PT. Eq. (13) is the P T criterion for P T without dissipation.
Since practically all martensitic transformations, even in elastic materials, are accompanied with a dissipation and a hysteresis, the PT criterion has the following form Here k is an experimentally determined value of dissipation due to PT, which can depend on 6, x,
Let us consider the alternative expressions for X . From Eqs. (4) and (7) it follows Taking into account the decomposition (1) 
DETERMINATION OF TEMPERATURE
For the determination of a temperature variation in the course of P T we can use an entropy balance equation
Substitution of expression (7) is following. All material properties, constitutive equations (11) and transformation strain Ft ([) should be given as function of 6 . Then assume that at some stress P, and temperature 8, P T in the given point starts. Stress variation P (6) , as well as Fp ([) , g ([) , are determined by solution of a boundary valueproblem or using some simplified models (e.g. [2] ). The temperature can be determined by solution of Eq. (30). In the general case mechanical and thermal equations are coupled and should be considered together. After determination of all parameters for 0 5 6 5 1 the criterion (14) allows us to determine (iteratively or explicitly) the temperature 6, at the given P, or one of the components of the stress tensor P, with the remaining five components of P, and the temperature 0, given. Let us consider some specifications and simplifications of Eq. (30) at small strain. Assume the validity of Eq. (24) for the free energy with equal elastic properties of both phases and the following explicit expression for a thermal part of free energy [7] Here v; > 0 are the specific heats, s,i and +,i are the constants. If the thermal expansion coefficient is independent of 6 , then from Eq. 
i.e. the accepted Eq. (30)2 for the specific heat in a general nonlinear situation, coincides in this case with the specific heat in the expression for i s .
This is a reason for using a logarithmic term in Eq. (31). 
CONDITIONS FOR NUCLEATION AND INTERFACE PROPAGATION
Consider a volume V of multiphase material with a boundary S. Let on one part of surface S the stress vector p be prescribed and on the other part the velocity vector v be given, but mixed boundary conditions are also possible. Assume that in some volume Vn with the fixed boundary E n , due to PT during the time A t , the new nuclei appeared. For each point of nuclei V , PT criterion (16) should be meet. Integrating this criterion over the volume V , we obtain the necessary condition of nucleation 
i.e. work-producing components of stress tensor are fixed in the course of PT. Substitution of Eq. well [2, 3, 8, 91 . Note that at transition from the material point to the finite volume or surface additional energy terms can appear and should be taken into account. E.g., a change of surface energy should be added to right side of Eqs. (43) and (47). Additional dissipation threshold k, due to intersection of interface with dislocations, point defects, grains and subgrains boundaries should be added to k in Eq. (47).
Note, that Eqs. (43) and (47) 
THE POSTULATE OF REALIZABILITY
PT criterion (42) (or its explicit forms (43), (46) and (47)) is only one scalar equation, which is not sufficient for the determination of all unknown parameters. To determine all unknown parameters b, e.g. position, shape and orientation of nucleus, jump of F, transformation Ft and plastic deformation F, gradients, related with F, temperature evolution, as well as functions F (E) , Ft (t) , F, (6) , 9 (e) and so on, let us use the postulate of realizability [3, 4, 8, 91 . If we take into account significant increase of a,, and a,, with the temperature decrease [lo], then at some c Eq. (55) can have no solution with respect to 0,, while at decreasing 0, the increase of A@ is less than increase of resistance force, related with ay. This means that P T is impossible at temperature, less than some critical one, which is also in agreement with experiments. A similar way of explanation for the existence of martensite finish temperature, but without using the explicit expression for P T criterion (e.g. Eq. (55)), was reported in [ll].
CONCLUDING REMARKS
A developed finite strain theory of P T in the material point of inelastic continuum allows us a consistent derivation of nucleation and interface propagation conditions for rather general situation and arbitrary inelastic materials. Thereby, the temperature variation plays a very important role. When we neglect the temperature variation, in a problem considering P T in a thin layer under prescribed normal pressure and tangential displacement [4, 121, P T occurs in an infinitesimal thin layer, and plastic shear tends to infinity. Taking into the temperature variation due to P T results in a finite width of a layer and plastic shear 1121. Note that a simplified method of taking into account the effect of a temperature increase an P T condition is described in [2] . At the next step the simplified models of transforming volume should be developed, e.g. macroscopically uniformly [3] or with constant strain gradient deformed volume 1131, with account for inertia effects 16, 131, with a wave mechanism of nucleus growth and so on.
